Introduction
============

Polycystic ovary syndrome (PCOS) is not a specific endocrine disorder, but a syndrome represented by a collection of signs and symptoms, and no one sign, symptom, or test is diagnostic. Establishing the criteria for diagnosis of PCOS has still proven both challenging and controversial. In 1990, the National Institutes of Health (NIH) suggested the criteria for the diagnosis of PCOS, which included hyperandrogenism or hyperandrogenemia and oligo-ovulation regardless of the sonographic finding.[@B1] This definition was criticized due to the exclusion of sonographic findings of polycystic ovaries. In 2003, the Rotterdam Consensus Conference[@B2] defined PCOS when at least 2 of the following 3 clinicopathologic features are present: chronic anovulation, clinical or biochemical hyperandrogenism, and polycystic ovaries on pelvic sonography. More than 12 follicles measuring 2 to 9 mm in diameter or more than 10 mL of ovarian volume is an important sonographic finding for the diagnosis of polycystic ovary.

The ultrasound is very useful diagnostic tool in gynecologic area to investigate pelvic space including uterus, ovaries and other adnexal mass and it can be used to evaluate pelvic masses whether these have malignant risk or not.[@B3] Serum cancer antigen 125 (CA-125) is also used to discriminate ovarian tumor preoperatively.[@B4] The route of pelvic sonography is a transvaginal, transabdominal, or transrectal approach. Transvaginal sonography (TVS) provides clear images of the region of interest, provided the targeted organ is within the focal range of the probe. There are only a few real disadvantages of TVS. Agenesis of the vagina, a virginal introitus and the fear of introducing infection are some of the more common situations in which TVS is not possible or is relatively contraindicated. Especially in Korea, conventional TVS is not acceptable to virgin patients due to fear of hymenal injury.

In such cases, transabdominal sonography (TAS) is preferred. However, in our previous study, we observed that transabdominal ultrasound assessment is not effective for the detection of PCOS in young women of reproductive age.[@B5] Transrectal scanning could be used liberally after proper patient selection and counseling. Introducing a commercially available vaginal probe through the anal sphincter into the rectum, transrectal sonography (TRS), seems to be a reasonable alternative to image the female pelvic structures. The images obtained are superior to TAS and comparable to those obtained by TVS.[@B6]

In this study, we determined the diagnostic performance of transrectal ultrasound in virgin patients with PCOS by receiver operating characteristic (ROC) curve analysis, compared with conventional transvaginal ultrasound assessment.

Methods
=======

1. Subjects
-----------

Nine hundred sixty-three Korean women aged between 15 and 44 years who were diagnosed with normal menstruation or PCOS were recruited from the Department of Obstetrics and Gynecology at Ewha Womans University Mokdong Hospital from December 2008 through December 2013.

PCOS was diagnosed according to the NIH criteria,[@B1] when the following criteria were met: 1) chronic anovulation, 2) clinical hyperandrogenism or hyperandrogenemia. Chronic anovulation was defined as oligomenorrhea that was less than 10 episodes of menstruation per year, and clinical hyperandrogenism was diagnosed when the modified Ferriman Gallwey (FG) score was more than 8 points. Hyperandrogenemia referred to a situation when the serum testosterone level was more than 95th percentile of the control group that had normal menstrual cycle.

Women with normal menstruation without hyperandrogenism or polycystic ovaries on pelvic sonography were defined as the control group.

The Institutional Review Board of the Ewha Womans University Mokdong Hospital approved the study protocol, and written informed consent was obtained from all of the participants.

2. Pelvic ultrasound
--------------------

Pelvic ultrasound examinations were performed with 7 MHz transvaginal or transrectal transducer (LOGIQ 500, General Electric Medical Systems, Milwaukee, WI, USA) to evaluate ovarian volume and follicle number. Ultrasound examinations were performed at the early follicular phase within 5 to 10 days of the menstrual cycle or amenorrhea for more than 3 cycles. The virgin women underwent transrectal approach to avoid hymenal injury.

Each ovary was scanned in the longitudinal cross-section from the inner to outer margins in order to count the total number of follicles which measured between 2 and 9 mm in diameter. The ovarian volume was calculated using the formula for a prolate ellipsoid (0.523 × length × width × thickness). Patients with ovarian cysts or a history of ovarian surgery were excluded from this study.

3. Statistics
-------------

Statistical analysis between the normal control group and the PCOS group was performed using IBM SPSS Statistics Version 20 (Statistical Package for Social Science Japan, Inc., Tokyo, Japan). Quantitative variables are given as mean ± standard deviation. The *P* value under 0.05 by Student\'s t-test was considered statistically significant. Area under the ROC curve (AURC) was used for determining the optimal follicle number and ovarian volume to diagnose PCOS. Using the ROC curve, sensitivity and specificity were determined, and the diagnostic power was calculated.

Results
=======

Among the 963 Korean reproductive aged women who received ultrasound examination, 677 women were examined by transvaginal ultrasound and 286 women were examined by transrectal ultrasound. We compared between the normal menstruation group and PCOS patients by NIH using the criteria. Baseline characteristics of the two groups according to the route of ultrasound are shown in [Table 1](#T1){ref-type="table"}.

Among the cases that received transvaginal ultrasound examination, 494 women who had normal menstrual cycle without hyperandrogenism or polycystic ovarian morphology on sonography were the control group. The mean age of the normal control group was 28.0 ± 4.4 years, and the mean ovarian volume and follicle number were 5.3 ± 1.8 cm^3^ and 6.6 ± 2.1, respectively. The mean age of 183 PCOS patients who received transvaginal ultrasound was 26.6 ± 5.0 years, and the mean ovarian volume and follicle number were 9.3 ± 4.3 cm^3^ and 11.9 ± 4.7, erspectively.

Among the cases that received transrectal ultrasound examinations, the mean age of 141 women with normal menstruation was 25.4 ± 3.8 years and the mean ovarian volume and follicle number were 5.0 ± 1.9 cm^3^ and 6.4 ± 2.1, respectively. The mean age of 145 patients with PCOS was 22.5 ± 4.1 years. The mean ovarian volume and follicle number were 8.8 ± 4.4 cm^3^ and 11.1 ± 5.4, respectively. There were significant differences in body mass index, total testosterone, free testosterone, ovarian volume, and follicle number between normal controls and PCOS patients.

ROC curve data for PCOS detection in the two groups according to the route of ultrasound are shown in [Table 2](#T2){ref-type="table"}. By transvaginal ultrasound examination, the ovarian volume showed an AURC of 0.838. A ovarian volume decision threshold \> 7 cm^3^ had a sensitivity of 73.0% and a specificity of 84.2% for the diagnosis of PCOS. The follicle number showed an AURC of 0.886. A follicle number decision threshold ≥ 9 had a sensitivity of 78.6% and a specificity of 87.2% for the diagnosis of PCOS.

By transrectal ultrasound examination, the ovarian volume and the follicle number showed AURC of 0.815. A ovarian volume decision threshold \> 7 cm^3^ had a sensitivity of 67.2% and a specificity of 86.8% for the diagnosis of PCOS. A follicle number decision threshold ≥ 9 had a sensitivity of 66.4% and a specificity of 86.8% for the diagnosis of PCOS. Follicle number and ovarian volume by transvaginal and transrectal ultrasound assessment had a high diagnostic power for PCOS screening.

Discussion
==========

PCOS is one of the most common endocrine disorders in women of reproductive age, and the most frequent cause of hyperandrogenism and oligo-anovulation.[@B7] Because PCOS patients show higher risk for cardiovascular diseases, as linked by metabolic dysfunction marked by dyslipidemia, hyperandrogenism, inflammatory state and insulin resistance,[@B8] it is important to diagnose PCOS correctly.

Polycystic ovarian morphology on sonography is one of the diagnostic criteria, and several studies have performed this evaluation. Pache et al.[@B9] reported that the greatest power of discrimination between normal and polycystic ovaries was obtained with combined measurement of follicular size and ovarian volume (sensitivity, 92% \[48 of 52 patients\]; specificity, 97% \[28 of 29 control subjects\]). Lujan et al.[@B10] presented that follicular number has better diagnostic potential to distinguish between controls and women with PCOS compared with counts in a single cross section or ovarian volume. An average value of 26 or more follicles per ovary is a reliable threshold for detecting polycystic ovaries in women with frank manifestation of PCOS. Variable approaches were attempted to detect polycystic ovaries by sonography. Fulghesu et al.[@B11] suggested that the ovarian stroma/total area ratio can differentiate between PCOS and control or multifollicular women with both a sensitivity and a specificity of 100%. Three-dimensional (3D) transrectal ultrasonography is also one of the modalities as diagnostic tools for PCOS. In the study with 75 amenorrheic, oligomenorrheic, or asymptomatic virgin patients and 25 healthy controls, 3D-TRS was shown to be convenient, accurate, specific, sensitive, and more reliable than transabdominal ultrasonography. Also, there were significant differences in ovarian stromal area and stromal area/total ovarian area ratio (S/A) ratio between patients with PCOS and controls.[@B12]

Although sonographic findings in PCOS are important, previous studies are still inadequate and have some limitations in establishing the precise diagnostic criteria. Additionally, in Asian countries, especially in Korea, TVS in not possible due to the fear of hymenal injuries in the patients who have no history of coitus. In such cases, transabdominal or TRS was performed to determine the gynecologic status. In our previous study, we observed that transabdominal ultrasound assessment is not effective for the detection of PCOS in young women of reproductive age.[@B5] According to another study in 42 cases, transrectal scanning should be used liberally after proper patient selection and counseling and the images obtained are superior to TAS and comparable to those obtained by TVS.[@B6]

TRS is a useful method in many cases. Some investigators use TRS to guide the drainage of inflammatory pelvic abscess.[@B13][@B14][@B15] Also, it can be used during transvaginal operation to guide procedures.[@B16] TRS can provide effective, real-time assistance to the gynecological surgeon. As one of the diagnostic tools, TRS is also useful in gynecologic field. Kushnir et al.[@B17] and Anguenot et al.[@B18] diagnosed hematocolpometra and hematocolpos using TRS. Fedele et al.[@B19] used TRS in nine patients, six with suspected Rokitansky-Küster syndrome and three with transverse vaginal septum. They compared TAS, TRS, and magnetic resonance imaging (MRI) with surgical findings. TRS provided images that corresponded perfectly with the real anatomical situation, while TAS provided inadequate images in six of the nine patients. The MRI was mistaken in one patient with suspected vaginal septum. The authors concluded that TRS can be considered as the diagnostic method of choice in the assessment of canalization defects of the vagina.

However, there was criticism on TRS that would probably be directed toward the question of trauma to the rectum. Ludwig et al.[@B20] stated that rectal lesions during rectoscopy are rare. Anderson et al.[@B21] found that in 10,486 colonoscopies over a 10-year period, 0.19% perforations were noted, most of them resulted from the use of cautery. Therefore, TRS performed by introducing a probe through the anal sphincter into the rectum does not seem to cause injuries.

In our study, ultrasound examinations were performed in 963 Korean women with transvaginal transducers in 677 women and transrectal transducers in 286 women. A total of 328 PCOS patients were enrolled in our study. To determine the diagnostic performance of transrectal ultrasound in virgin patients with PCOS compared with conventional transvaginal ultrasound assessment, ROC curve analysis was used. As per the results, by transvaginal ultrasound examination, the ovarian volume showed an AURC of 0.838. An ovarian volume decision threshold \> 7 cm^3^ had a sensitivity of 73.0% and a specificity of 84.2% for the diagnosis of PCOS. The follicle number showed an AURC of 0.886. A follicle number decision threshold ≥ 9 had a sensitivity of 78.6% and a specificity of 87.2% for the diagnosis of PCOS. By transrectal ultrasound examination, the ovarian volume and the follicle number showed AURCs of 0.815. Follicle number and ovarian volume by transvaginal and transrectal ultrasound assessment had a high diagnostic power for PCOS screening. Base on this result, transrectal ultrasound assessment is as effective as conventional transvaginal ultrasound for the detection of PCOS in virgin patients.

To the best of our knowledge, there is no report on the diagnosis of PCOS by TRS. This study shows effective detection and diagnosis of PCOS by TRS in virgin Korean women.
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###### Baseline characteristics in controls and polycystic ovary syndrome patients according to the route of ultrasound
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US: ultrasound, TVS: transvaginal sonography, TRS: transrectal sonography, PCOS: polycystic ovary syndrome, BMI: body mass index, TT: total testosterone, FT: free testosterone, OV: ovarian volume, FN: follicle number

###### Receiver operating characteristic curve data for polycystic ovary syndrome detection by transvaginal sonography and transrectal sonography

![](jmm-21-149-i002)

US: ultrasound, TVS: transvaginal sonography, TRS: transrectal sonography, OV: ovarian volume, FN: follicle number, AURC: area under the receiver operating characteristic curve
